RBsumB. -On a suivi par spectroscopie Mossbauer sur 57Fe les diffkrentes phases qui apparaissent lors du frittage de j3-FesGe3 i i partir du mklange de poudres des Blements purs Fe et Ge. On a trouve que les phases a-FeGe, 8-Fe3Ge et 7-Fe 1, rGe apparaissent au cours des transformations menant a P-FesGe3. Les transformations menant ? i la phase /l sont achevkes en environ 7 % du processus total de densification. Dans ce systeme la spectroscopie Mossbauer s'est revklke sup& rieure a la diffraction de rayons X.
1. Introduction. - The aim of this paper is to describe a possibility of using Mossbauer spectroscopy as a means for studying the kinetics of sintering, and to compare the results with those obtained by X-ray diffraction. The present study deals with the production ofp-Fe,Ge, by sintering a compact mixture of powders of the basic elements, viz. iron and germanium. It was interesting to see whether during the process the different phases on both sides of P-Fe,Ge, in the Fe-Ge phase-diagram do appear. The Fe-Ge system is of particular interest, because of the formation of different magnetically ordered phases in the wide range of compositions. The structural and magnetic properties of /3-Fez-,Ge (x = 0.22 r 0.40) have been investigated by a number of authors [l, 2, 3] using X-ray diffraction, magnetic susceptibility measurements and saturation magnetization. The /3-phase is ferromagnetically ordered below 500 K and has B8,-structure with two different sites available for the iron nuclei. The sequence of phases between Fe and P-Fe,Ge3 in the phase diagram comprises : a-FeGe, E-Fe3Ge, while between Ge and P-phase : 8-FeGe,, t-FeGe and q-Fe,.,Ge. Many of these phases exhibit polymorphism and probably polytypism. During the study we were not able to detect the 6 and < phases either by X-ray diffraction nor by Mossbauer spectroscopy. The X-ray diffraction spectra of the a, E and were established, as well as the Mossbauer spectra. The data for y-phase is questionable, since at least two different X-ray spectra were reported [I, 41 , and the one we prepared by a long-time sintering is still different. Nevertheless it is this phase that we noticed appearing again and again in our study. Nothing concerned with the Mossbauer effect of the y-phase was published so far, and we identified it from the spectrum obtained from our sample. Detailed information concerning the results obtained for the q-Fe, .,Ge will be published elsewhere.
2. Experimental. -Specimens were prepared from highly pure powders of the basic elements, mixed in the desired proportions. The mixture was pressed into compact specimens which in turn were sintered in evacuated silica tubes at 600 OC, each for different lengths of time followed by air cooling. Specimens were sintered for subsequent periods of 5 min up to 60 min, and for longer periods up to 50 days.
The crushed material (brittle in nature) was used for X-ray diffraction, Debye-Scherrer method, using CoKa-radiation. The same powder was used for the Mossbauer spectroscopy. Mossbauer spectra were taken with the aid of a computerized spectrometer (Elscint Type-30). A 25-mCi source of Co57 in a Pd matrix was used for the Fe5' nuclei. In these experiments the width of the inner resonance line of a-iron was found to be 0.25 mm/s.
Parallel with these tests, experiments using dilatometric measurements, scanning electron microscopy and density measurements were carried out in order to verify the kinetics of densification. is obtained. At longer times no change in the spectrum was observed. In order to estimate the amount of a-Fe present in the specimens sintered at 600 OC at various periods an a-Fe component has been ~tripped-of from the spectra. The intensity of the a-Fe component was fitted by a try-and-error procedure using the minicomputer attached to the spectrometer. The results are shown in figure 2 .
The relative spectral areas R = A,/A, where A,-the spectral area of the a-Fe component, A-the total spectral area, are plotted against time of sintering 4. Discussion. -It should be noted that the diffusion in this process of sintering is one-directional in the sense that Ge atoms diffuse into the Fe lattice, but not vice versa. This means that the results of figure 2 ale unique for studying the kinetics of phase transformation during the sintering in the Fe-Ge system.
Comparison of the spectra of figure 2 with known spectra of a-FeGe [5], E-Fe3Ge [6], P-Fe,Ge3 [7] and q-Fe, .,Ge obtained in this research work have shown the following in figure 3 . a) At least during the first 10 min of sintering The decrease of with time shows the d i s a~~e a -at 600 0C no transformation occurred (although rance of the a-Fe from the mixture.
densification was noticed). The change in (I-R)-the relative areas of the sequential spectra in figure 2 amounts to a sigmoidal kinetics. b) After 15 min of sintering the P-~hase already Com~arison with dilatometric kinetics of densi-exists, with a-FeGeficatio'have shown that a completeP-phase is obtained
The E -F~, G~ was detectable only after 20 rnin of at 600 OC after only 7 % of the total densification sintering. It was difficult to resolve it from the a-FeGe period. This was verified by scanning electron micros-however it was better resolvable than in the X-ray copy where high percentage of porosity is detectable. diffraction spectra. The probability of its detecThis means that practically the B-phase is produced tion is low since it does not have solubility range at the very early stages of sintering long before reaso-(Non-Stochiometry) and perhaps appears within the nable densification takes place. a-FeGe [8] .
SINTERING TIME MIN. c) At 30 min of sintering the /?-phase component is more pronounced, and traces of a-FeGe still exist. At 40 min, however, the y-Fe,,,Ge (resembling paramagnetic appearance, although its Curie point is near room temperature) also appeared. It disappeared only after about 60 min.
Evidently all phases of the composition range between pure a-Fe and /?-Fe,Ge, do appear during the phase-transformations encountered in the production of the /?-phase during sintering from the pure elements. Also, the y-phase appears in an advanced stage, showing that regions richer in Ge than the /?-phase do exist.
The enhanced appearance of the P-phase at a relatively stage of sintering is suggested by the fact that the powders of the basic elements had a wide distribution of particle size (< 53 pm). One important outcome was that the different phases were detectable at a much earlier period by Mossbauer spectroscopy than by X-ray diffraction, also their appearance is more pronounced using the Mossbauer spectroscopy, since the X-ray diffraction patterns contained unexplained lines (probably due to polytypism effects). Since the features of a Mossbauer spectrum reflect the neighbour coordination of the Fe-atom, the results shows that this coordination is stable in spite of the different possible disturbances in the lattice structure.
